Mycoplasmalike organisms (MLOs) are prokaryotes lacking cell walls, which cause yellows diseases in various crop plants worldwide (28) . Because none of them can be cultured in vitro, MLOs have been historically classified on the basis of symptomatology, plant host range, and pathogen-insect vector relationships, leaving their taxonomic or phylogenetic identities unsolved.
Recently, a hybridization method that uses chromosomal and extrachromosomal DNA probes of MLOs and a polymerase chain reaction method have been developed and used in the assay and phylogenetic studies of these organisms (1, 3, 5-14, 17, 18, 20-27, 31, 37, 40, 42) . By these methods, virescence-inducing MLOs, including the aster yellows MLOs, were found to make up at least three distinct phylogenetic clusters (19, 20, 24) .
Rice yellow dwarf (RYD) disease, caused by MLOs transmitted by green rice leafhoppers (Nephotettix cincticeps Uhler, Nephotettix virescens Distant, and Nephotettix nigropictus Stal) is widespread in rice-growing Asian countries (32, 36) . Although the incidence of RYD disease is generally low, this disease occasionally causes serious damages to the rice crops. Areas where RYD disease is endemic include some parts of Tochigi, Nagano, and Kagoshima Prefectures in Japan. We have cloned some random fragments of chromosomal and extrachromosomal DNA of RYD MLOs collected in Ohtawara, Tochigi Prefecture, and demonstrated the usefulness of a few selected clones as RYD-specific hybridization probes (31) .
In the present study, we examined the homology of a larger number of probes, four chromosomal and six extrachromosomal, with DNA from 10 RYD MLOs of geographically different origins, 11 other MLOs, and four species of culturable mollicutes. It was shown that RYD MLOs form a genetic cluster distinct from the other MLOs tested. We also attempted to characterize DNAs reacting with extrachromosomal probes and found that they are plasmidlike in physi-* Corresponding author. cochemical aspects and ubiquitous in RYD MLOs of various origins while rather diverse in size and copy numbers.
MATERIALS AND METHODS
Source of MLOs and other mollicutes. MLO lines used in the experiments are shown in Table 1 (cf. Fig. 1 ). Tochigi lines, RYD-T-O, RYD-T-N, RYD-T-Ya, RYD-T-K, RYD-T-U, and RYD-T-Yu, were collected from six locations in Tochigi Prefecture: Ohtawara, Nishinasuno, Yaita, Kamikawachi, Ujiie, and Yuzukami. Lines RYD-N and RYD-K were provided by the Nagano Plant Protection Office and the Kagoshima Agriculture Experiment Station, respectively. These lines were Spiroplasma citri Morocco-R8-A2 (ATCC 27556) and Spiroplasma kunkelii E275 (ATCC 29320), received from the American Type Culture Collection, were cultured in C-3G medium (44) . Mycoplasma hominis PG21 and Mycoplasma orale CH19299, provided by T. Sasaki, National Institute of Health of Japan, were cultured in arginine and horse serum medium (4) .
Extraction of nucleic acids. Total nucleic acids from diseased and healthy plants were prepared by a modified CTAB procedure, as described previously (31) . Healthy and symptomatic MLO-infected shoot tissues were cut into 0.1-g samples and homogenized in 0.9 ml of 2x CTAB buffer, and 0.5 ml of the homogenate was transferred to a Microfuge tube. The homogenate was incubated at 65°C for 10 min, mixed gently with an equal volume of chloroform-isoamyl alcohol (24:1) for 30 min, and then centrifuged at 15,000 x g for 5 min. The supernatant was decanted and saved. Nucleic acids were precipitated with 0.7 volume of ice-cold isopropanol. The pellet was washed with 70% ethanol, dried, and resuspended in 50 ,ul of Tris-EDTA buffer containing RNase (20 ,ug/ml). Total nucleic acids of cultured mollicutes were also extracted as described above.
Preparation of DNA probes. Cloned DNA fragments of a Tochigi RYD MLO isolate (31) were amplified with KS primer (5' CGAGGTCGACGGTATCG 3') and SK primer (5' TCTAGAACTAGTGGATC 3') from the vector plasmid Bluescript II, using a polymerase chain reaction procedure as described elsewhere (30) . The amplified DNA molecules were labeled with horseradish peroxidase by using the Amersham ECL gene detection system, as described previously (31) . Dot hybridizations. Approximately equal amounts of DNAs extracted from MLO-infected and healthy plant tissues (0.5 ,ug of undigested DNA per spot) were denatured and blotted onto nylon membranes (Hybond N+; Amersham Corp.), fixed, and hybridized with peroxidase-labeled DNA probes. Hybridizations were performed as described elsewhere (31) . The washing process, however, was modified for high stringency to achieve better resolution. After hybridization, the membrane was washed twice at 42°C for 20 min in 0.5 x SSC (7.5 mM sodium citrate, 75 mM NaCl, pH 7.0) containing 6 M urea and 0.4% sodium dodecyl sulfate (SDS), once at 42°C for 20 min in 0.1x SSC-0.1% (wt/vol) SDS produced by CCC DNA to those produced by OC or linear DNA (relative A633) are shown in Fig. 3 Fig. 4 . Complete results are summarized in Table   2 .
None of the four chromosomal probes hybridized with healthy rice DNA, and they clearly distinguished diseased from healthy rice plants. The procedure described in our previous report (23) (28, 32, 36, 43) . For application of genetic concepts in the classification of these organisms, information on DNA homology will be necessary. Several research groups have discussed the classification of MLOs as related to DNA homology examined by random DNA probes (3, 5-10, 12-14, 21-27 Tables 1 and 2 
